effects about four decades ago. 13 Further investigations revealed some other beneficial effects of low level LT, including the promotion of cell proliferation, analgesic and anti-inflammatory effect 14, 15 and reduction of prostaglandin E 2 that may inhibit progression of gingivitis and periodontitis. 16 Diode laser is applied to treat soft tissues due to its bactericidal and detoxification effects, but in treatment of chronic periodontitis, it may be useful as an adjunct to SRP because it is able to remove calculus and bacterial deposits.
14, 17 The effectiveness of LT in the treatment of periodontal diseases is still a controversial subject. Photodynamic therapy (PDT) is a procedure which consists of exciting the photosensitizing agent to a higher energy state in presence of oxygen by means of laser light energy. 18, 19 Cytotoxic products such as singlet oxygen molecules with highly reactive energy are generated in this process, which may have bactericidal effect on periodontal microorganisms. 18 The radius action of cytotoxic products cannot usually exceed more than 0.02 µm off the radiation center. This characteristic may thus make PDT an appropriate noninvasive and localized treatment procedure. 20 In addition, since its mechanism depends on chemically reactive molecules such as singlet oxygen and hydroxyl radicals, developing resistance to this treatment seems to be improbable. 21 The advantage of PDT in reducing periopathogenic microorganisms in vitro is declared by experimental examinations. 22, 23 PDT is suggested as a treatment modality that can reduce the demand for flap surgery, and subsequently the chair time and risk of bacteremia. It can also be useful in difficult-to-access areas. 24 However, numerous studies carried out in field of PDT, applying diode laser light and variant photosensitizers such as malachite green, 25 toluidine blue, 26 phenothiazine chloride 27 and methylene blue, 28 have reported conflicting clinical and microbial findings when comparing the effects of PDT adjunct to SRP with SRP alone. So far, many studies have been conducted to evaluate the effect of LT 29, 30 or PDT 27, 31, 32 in chronic periodontitis; however few studies have been designed to evaluate the efficacy of PDT eradication of laser light without applying photosensitizer agent. The present controlled clinical trial study was designed to clinically and microbiologically investigate the efficacy of adjunctive LT with low level diode laser and PDT, applying a novel photosensitizer (Emundo) and diode laser compared to conventional mechanical debridement in a group of patients with chronic periodontitis.
Methods

Patients
Twenty adult patients (13 females and 7 males; aged 18-72 years, mean age 37.2 ± 8.6) presenting chronic periodontitis, who were referred to the department of periodontology, school of dentistry, Isfahan University of Medical Sciences for periodontal examination between September 2012 and February 2013, were selected. All patients were recruited according to the following criteria: (1) Age ≥18, (2) Systemically healthy, (3) Remaining teeth ≥20, (4) Presence of 3 or more quadrants of mouth, each containing at least three sites with periodontal pocket depth (PPD) of 4-7 mm and clinical attachment level (CAL) of 2 mm or greater, and (5) Signed inform consent form. The exclusion criteria consisted of: (1) Smoking or alcoholism, (2) Pregnancy or lactating, (3) Consuming antimicrobial drugs (ie, antibiotics) in the last 2 months, and (4) History of periodontal surgery in the last year. The study protocol was approved by Ethics Committee of Isfahan University of Medical Sciences (IRCT ID: IRCT2015021021029N1). The study was conducted at Professor Torabinejad Dental Research Center joined to School of Dentistry, Isfahan University of Medical Sciences.
Study Design
The present study was designed as a split-mouth, double blind, randomized controlled clinical trial, and conducted for a follow-up period of three months. Using a randomization chart, the quadrants were assigned to the groups. In the first session, oral hygiene instruction included tooth brushing with modified Bass method and performing dental flossing. All patients practiced the oral hygiene procedure over a week to ensure adequate plaque control prior to baseline examination. In the next session full-mouth SRP were carried out for all patients applying ultrasonic instrument (Pizoscaler-Mectron ® , Italy). The procedure was performed under local anesthesia. The accuracy of SRP was checked one week later and completed if it was needed. Different treatment approaches were assigned randomly to the three dental quadrants. In each quadrant, the three deepest pockets which met the inclusion criteria were selected for clinical and microbial evaluation. Hence, a total of 180 dental sites were included in the study ( , A.R.C. laser GmbH, Germany], as photosensitizer) as an adjunct to SRP. The treatment was performed for all quadrant sites but the examinations were carried out only in the selected dental pockets.
Laser Therapy/Photodynamic Therapy The treatment was performed using a diode laser, 810 nm wavelength and 0.5 W/cm 2 power density together with photosensitizing agent. In group C, the photosensitizer was injected into the periodontal pocket in an apical to coronal direction using a blunt needle straight application. The procedure was repeated for groups A and B with an obstructed needle but in the same pattern in order to keep the patients blind. Following that, the pockets in groups B and C were irradiated by the laser light according to the following steps:
Step 1: transgingival irradiation was performed by bleach- Step 2: all pockets were irradiated by a 300 µm bulb fiber in a circular pattern (0.5 W, 15 seconds). (Figure 1 , b)
Step 3: granulation tissue was removed from the infected pockets using a 300 µm bare fiber in a circular pattern (0.5 W, 25 seconds). (Figure 1 , c) These steps were simulated in group A, but in an inactive laser mode; however, aiming laser light was active in order to keep the patients blind to the study design. The tip of laser fiber was discarded in the intervals between the patients' treatment. Finally, the pockets were rinsed with saline solution (NaCl 0.9%). The same therapeutic procedure was performed 2 weeks later. The periodontal treatment was entirely performed by the same experienced operator who was unaware of the main objectives of the study and was absent in the reevaluation sessions. During the LT and PDT procedures, the patients and the personnel were required to wear protective glasses. From the beginning to end of the study patients were visited every 2 weeks in order to inspect the occurrence of eventual side effects and to control plaque removal and root debridement if necessary.
Clinical Measurements
The following clinical parameters were measured at baseline (T0) -before performance of SRP -as well as 6 weeks (T1) and 3 months (T2) after periodontal treatment by a professional periodontal examiner who was weighed in terms of intra-examiner reproducibility. PPD: applying a calibrated periodontal probe (Hu-Friedy ® , PQW7, USA) with point diameter of 0.5 mm and probing pressure of 0.75 N, PPD was measured as the distance from the gingival margin to the bottom of the sulcus. CAL: it was registered in a manner similar to PPD referenced to cemento-enamel junction. Plaque Index (PI; Sillness & Loe 1964) 33 Papilla Bleeding Index (PBI; Saxer & Muhlemann 1975) 33 : using the same probing pressure, PBI was determined 30 seconds after probing.
Microbiologic Assessment Microbiological samples were taken from the deepest pocket in each quadrant (one site per quadrant, in total 60 sites) at baseline and 3 months after treatment. The procedure was performed with a sterile paper point which was inserted in the bottom of the pocket for 20 seconds, after isolating the selected sites using cotton rolls ( Figure  2 ). Subsequently, each sample was pooled in a sterile vial and sent to the laboratory for genome analysis (pooled sample). The microbiological sample analysis was performed with real time polymerase chain reaction method (RT-PCR) using the commercially available kit (Kiagen ® , USA) to evaluate the amount of Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis and Treponema denticola.
Statistical Analysis
The means and standard deviations were computed for all clinical and microbial variables of each treatment group. The data were processed using statistical software (SPSS 16.O, IBM, Chicago, IL). Kolmogorov-Smirnov test was used to confirm the normal distribution of the data. Kruskal-Wallis test was opted for multiple comparisons of the nonparametric data (PPD reduction, CAL gain, PI and PBI) between groups. In addition, Mann-Whitney test was applied to compare the groups. Friedman and complementary Wilcoxon signed-ranks test were applied to determine the differences in the means of clinical parameters for the baseline, 6 weeks and 3 months. Oneway analysis of variance (ANOVA) was used in order to compare the microbial variables between the groups after Figure 2 . Microbiological samples were taken from the deepest pocket in each quadrant. The procedure was performed with a sterile paper point which was inserted in the bottom of the pocket for 20 seconds, after isolating the selected sites using cotton rolls.
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confirming the normality of data distribution. Paired t test was used to determine the significance of the difference between baseline and 3 months within each group. P < .05 was considered significant.
Results
A total of 180 single-rooted teeth from 20 patients were included in the current study. All patients completed the 3-month course of the study. Healing occurred in all cases with no adverse effects such as pain, burning sensation or any other uncomfortable feeling. The information about clinical parameters (PPD, CAL, PI and PBI) at baseline, 6 weeks and 3 months after the treatment, the amount of changes per group (ΔPPD, ΔCAL, ΔPBI, ΔPI) from baseline to 6 weeks and 3 months after the treatment and the relevant statistical analysis are shown in Table 1 . No significant difference was observed among groups for any of the clinical parameters at baseline, whereas significant clinical improvements were observed between groups at 6 weeks and 3 months after treatment in terms of PPD reduction, CAL gain and PBI (P < .001). PI values showed no statistically significant difference from baseline to 6-week and 3-month evaluations in the groups, except in 6-weeks assessment of group B compared to baseline (P < .05). Group B revealed a greater PPD reduction compared to other groups (P < .05). Furthermore, groups B and C indicated a higher CAL gain at 6-week evaluation than group A (P < .05). However, there were no statistically significant differences between groups regarding this parameter 3 months after treatment. The comparison between groups showed no significant difference in terms of ΔPBI and ΔPI (Table 1) . Bacterial count (mean± SD) for all evaluated bacterial species (A.a, P.g and T.d) at baseline and 3-month evaluations is presented in Table 2 . All bacterial species de- 
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creased significantly from baseline to the 3-month evaluations (P < .05) with no significant difference between the three treatment modalities ( Table 2) .
Discussion
The results of the present study revealed that adjunctive LT or PDT can improve the short-term clinical results of conventional periodontal treatment in chronic periodontitis. Today, it is obvious that conventional SRP are prerequisite for a constant periodontal treatment success. 34 However, the results of conventional mechanical debridement can be improved by development of novel therapeutic approaches. Nowadays, adjuvant low-level laser therapies alone or combined with dyes as photosensitizer are available in addition to the traditional treatment using SRP. The present study was designed in order to evaluate the effect of conventional periodontal debridement combined with LT or PDT on periodontal clinical and microbial results in cases with chronic periodontitis. All treatment modalities in this study caused statistically significant improvements in the evaluated clinical and microbiological parameters at 6-week and 3-month courses compared to baseline. There was no statistically significant difference regarding PI and PBI between groups. A greater gain of attachment was observed in groups B and C compared to group A at 6-week follow-up examination. The difference between groups B and C was not statistically significant. However, there was no statistically significant difference regarding CAL gain between the groups 3 months after treatment in this study. Similarly, some studies have shown no significant difference in attachment gain between cases treated with SRP combined with diode laser 35, 36 or PDT 27, 37 and those treated only with SRP. These finding are not in agreement with those of some recent randomized clinical trials, which showed that treatment with low-level laser irradiation 38 and PDT 32, 39 as an adjunct to conventional SRP have more efficacy in attachment gain than SRP alone. The most probable reason for lack of difference between test groups and control group at the 3-month evaluation is discontinuity of LT and PDT despite the manufacturer's instruction.
The results of the present study showed that low-level diode LT associated with conventional SRP was more effective in reducing PPD than the ones achieved by PDT together with SRP or SRP alone. Similar findings were shown in a very recent randomized clinical trial 40 comparing the efficacy of potassium titanyl phosphate (KTP) laser and PDT in chronic periodontitis treatment. Contradictory results, however, were reported by a randomized clinical trial 41 investigating the efficacy of PDT, diode laser and deep scaling in the treatment of residual pockets and indicated that fewer infected pockets may remain after PDT or deep scaling than diode laser application after 6 months. A recent systematic meta-analysis, 42 comparing the efficacy of adjunctive PDT to conventional mechanical debridement, showed that PDT combined with SRP can improve the efficacy of treatment in term of CAL gain and PPD reduction. The obvious discrepancy between the studies might be due to different types of laser application, wavelength used in the study and the type of photosensitizer. PI was not significantly changed in the groups from baseline to 3 months follow-up. The only significant change in PI was observed in 6 weeks follow up in the laser group; nevertheless, there was no significant difference between the groups regarding this variable. Given that oral hygiene was instructed equally to all participants, practiced enough before starting the study and well maintained during the whole experimentation period, these findings are justifiable. Furthermore, there is no strong evidence to support the difference between nonsurgical or surgical therapies regarding post-treatment plaque accumulation. It is also documented that the severity of gingivitis resolution is not affected by the treatment modalities. 43 Similarly, there is no evidence strongly confirming that LT or PDT can prevent formation of biofilm once the root sur- A r c h i v e o f S I D www.SID.ir face has been irradiated. PBI improved equally in all groups from baseline to the follow-up assessments 6 weeks and 3 months after treatment. Reduction of PBI in the present study confirms the findings of Lang et al 44 indicating that decrease in bleeding on probing score is associated with reduction in periodontal inflammation. Lang et al 44 indicated that bleeding on probing is a prognostic factor for periodontal disease progress. Our findings are not in line with a number of previous clinical investigations which presented significantly better results in PBI or bleeding on probing index for SRP combined with adjunctive PDT 45 or adjuvant LT 35 than for SRP alone.
In the present study, the mean microbial levels diminished significantly in all experimental groups without a significant difference between them. These results are in agreement with those obtained by Christodoulides et al. 27 Similar results were also obtained by Cappuyns et al 41 showing the same frequency of Porphyromonas gingivalis (Pg), Tannerella forsythensis (Tf), Treponema denticola (Td), in groups treated with adjunctive LT, PDT or SRP alone 2 and 6 months after treatment. However, Cappuyns et al 41 emphasized the stronger suppression of micro-organisms in PDT and SRP groups than in laser group after 14 days of treatment. Conversely, an in vitro study 46 showed that use of PDT on oral bacteria effectively eliminated Actinobacillus actinomycetemcomitans (Aa), Porphyromonas gingivalis (Pg), and Fusobacterium nucleatum (Fn). However, a direct comparison of in vitro studies with those of the human studies is complicated. So, they need to be discussed with precaution. Moreover, the literature 47 has indicated that the bactericidal effect of lasers is the main reason for their increasing application as an additional therapy to conventional periodontal treatment. In the present study, the reduced frequency of PDT or laser application than defined by the manufacturer is a possible explanation for some similar results between the groups. The manufacturer suggested repeated PDT performance within 3 months (1 day, 2 weeks, 6 weeks, and 3 months); however in order to inhibit additional confounding factors (ie, frequency of considered treatment) only 2 episodes of PDT and LT were applied. There is not any standard procedure considering energy and mode of irradiation, time taken for microbial reduction in the pocket and the power needed, which provide the proper analysis of the results. In this study the clinical parameters suggested by manufacturer (A.R.C. laser GmbH, Germany) were followed. Another important point that should be kept in mind while interpreting the clinical and microbial findings obtained by PDT is the effect of the photosensitizer itself. Since PDT is more time consuming and costly than LT, further studies are needed in order to evaluate the efficacy of applying a photosensitizer in combination with light application compared to LT alone.
Conclusion
Within its limits, the present study demonstrated that adjunctive LT or PDT resulted in more improvement in term of CAL gain compared to SRP alone, only in short-term evaluation. Regarding PPD reduction, adjunctive LT was more efficient than adjunctive PDT or SRP alone.
